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FOOD COMPOSITION AND ADO~iVES 

Rapid Liquid Chromatographic Method to Distinguish Wild 
Salmon from Aquacultured Salmon Fed Synthetic Astaxanthin 

&L.EH A. TURUJM& WAYNE G. WMR, RONG RONG Wn, and SU- H. AL$u~T 
U.S. f;& and hg AdmjnMmtion, Office of Cosmetics and Colors, 200 C St, SW, Washington, DC 20204 

Analytical methods are needed to determine the 
presence of color addtttv- In fish. We report a liq 
uid chromatographic (LC) method developed to 
identify the synthetic fofrn Of the color addltlve a~- 
taxanthin in salmon, based on differences in the 

. relative ratios of the configurational Isomers of as- 
taxanthin. The distrlbutlons Of COnfigUratiOd iso- 
mers of astaxanthin in the flesh of wild Atlantic and 
wild Pacific salmon are slmllar, but significantly dif- 
ferent from that in aquacultured salmon. Astaxan- 
thin is extracted from the flesh of salmon, passed 
through a silica gel Sop-Pak cartridge, and arta- 
lyzed directly by LC on a Plrkle covalent L-ieucine 
column. No derivatization of the astaxanthln Is re- 
quired--an important advantage of our approach, 
which Is 8 modification of Our previously described 
method. This method can be USed t0 distinguish 
between aquacultured and wild salmon. The 
method has general applicablllty and can also be 
used t0 identify astaxanthins derived from other 
sources such as Phaffia yefA and Haematococcus 
pluvlalis algae. 

T he oxycarotcnoid astaxanthin is responsible for the dis- 
tinctive color of salmon flesh (1). Because salmon can- 
not synthesize ascaxanti de mvo, their ffesh color is 

derived entirely from astaxanthin in their diet (2). Wrld salmon 
acquire their pink-to-red color from asbxanthin in their prey, 
To obtain a flesh color similar KO that of wild salmon, aquacul- 
nued salmon are fed with fish feed supplemented with color 
additives (3). Two oxycarotenoids are believed to be widely 
used as color additives in fish feed to enhance the color of 
aquacultured salmon&: canthaxarnhin, p$-carotene-4,4’- 
dione (Figure l), and astaxat’nhn& 3,3’-dihydroxy-~,&~aro- 
rene+a’dione (Figure 2). 

Only color additives are listed in the Code of Federal Regu- 
lar&s (Cl%) may be used legally in the United States to en- 
hance rhe color of salmon and other animals used as food (4) 
Asaxanchin recently was lisred by the U.S. Food and Drug Ad- 
ministration (FDA) as a color additive in salmonid feed to pig- 
ment the flesh of salmonids in the United States (5), Because a 
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validati analytical method was unavailable to distinguish syn- 
thetic astaxanthin in aquacultured salmon from astaxantbin in 
wild salmon, a method was needed to determine the presence 
of added synthetic Maxanthin in the fish, as required by the 
CFR Canthaxanti is li.stai in the CFR as a food color addi- 
tive (6). A petition has been submitted for its use as a color 
additive to color the flesh of salmonkls (7). Astaxanthin, how- 
ever, and not canrhaxanthin, is normally found in wild salmon 
(Atlantic salmon, Salmo salar, and Pacific salmon, Oncorh- 
thus). Canrhaxanrhin can be distinguished easily from astaxan- 
thin by thin-layer chromatography (TLC 8) and liquid chroma- 
tography (Lc; 9). 

A&mm asra~anthin is the major geometric isomer in wild 
salmon flesh (10) and also in the stabilized synthetic astaxan- 
thin beadlet added to the fish feed of aquacultured salmoa All- 
trms amxanchin has 2 chiral centers, C-3 and C-3’, and can 
exist as 3 configurational isomers: 2 enantiomers (3R,3’R and 
35,3’S) and a meso form (3R,3’.S) (Egwe 2). Synthetic all-tranr 
ascaxanthin consists of a racemic mixture of the 2 enantiomers 
and the meso form 

Studies with rainbow trout (Oncurhynchur mykiss; 11) and 
Atlantic salmon (12) have shown that when synthetic astaxan- 
thin or the individual configurational isomers are added to fsh 
feed, they arc deposited in me flesh of the salmon with no 
change in the configurational isomer distribution. These results 
indicate the absence of selective absorption or deposition of the 
different configurational isomers and of epimerization at C-3 
and C-3’. Therefore, the ratio of configurational isomers in 
salmon flesh reflects the ~nfigurational isomer distribution in 
the diet 

Maoka et al. (13) resolved a&tranr astwanthin on a cova- 
lent o-phenylglycine Pirkle-type column manufactured in Ja- 
pan; however, the analysis required 70 min. Astruanthin can 
also be du-ivatized with enantiomerically pure chiiral reagents, 
such as carnphanic acid chloride, to give diastereomers that can 
be separated on an achiral stiorwy phase (14). In our labora- 
tory, other derivatizing reagents, such as I-naphthoyl chloride,, 
d-a enhare rhe affinity of the Configurational analyk for the 
chid stationaxy phase without changing the enantiomeric rela- 
tionship of the configurational astaxanrhin isomers to each, 
other, were also used successfully. 

Although in some cases the derivatization of synthetic as- 
raxanthin was spontaneous, avoidance of the extra step of mak- 
ing and purifying an asxaxanrhin derivative was deemed advan- 
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Figure 1. Canthaxanthin. 
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tage~us. MWOV~ when the astaxanthin eXtraCted from the 
flesh of salmon was used, residual fish oil frequently interfered 
with and sometimes i&jbited the derivatization reaction. 

This paper dexr&es an LC method based on direct resolu- 
don of& configurational isomers of underivatized astaxanthin 
(15). We previously described an LIZ method for efficiently 
sepadrg aml identifying the configurational isomers of syn- 
metic as~atnhin m salt-non (16). The present method is faster 
than the LC method of Lura and Saegrov (171, in which asfax- 
ati h defiv&aj before I-C analysis. It entirdy avoids the 
devau&on step m which a residual amount of colorless lip- 
i& may &&cm and, therefore, must be removed before dcri- 
vatization (10). Previously, we reported that mobile phases of 
S~JTI&U pdu-ity allowed direct resolution of the configurational 
isomers of a&w~ asa%anthin On a covalent L-leucine Pirkle 
c01un~l in 10-15 I-ICI (15). However, when a significant 
amount of cis-astaxmrhin Was pmenr, analysis rime was 
sometimes s long as 25 min (Figure 3). 

Wltb the modified method described here, we can distin- 
guish between synthetic astaxanfhin extracted from tie flesh of 
salmon and naturally occurring astaxanrhin extracted from the 
flesh of wild salmon by comparing their chromarographic pro- 
files. During the method development phase of this study, the 
color extracts from the flesh of S~~OKI and the syntheric asra~- 
anthin standard were chromatogmphed by using mobile 
pk&A &scdxd ~JI the Experimental section. 

Trans 
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Rgure 3. Chromatogram of synthetic astaxanthin. LC 
condltlons: Pirkle covalent L-k!UCine column; mobile 
phase 8; flow rate, 1.5 mumk; mOnitOrlng wavelength, 
474 nm. 

To devise a regulatory scheme fo identify the color additive 
astaxanthin in salmon flesh and thereby distinguish between 
aquaculrtucd salmon and wild marine salmon, it is neesay to 
know the ratio of the configurafional isomers of the a&rruns 

astaxanthin in each species of salmon from a broad-based set 
of authentic wild marine Atlamic and Pacific salmon. A range 
of each of the configurational isomers in asraxanrhin extracted 
from wild salmon was determined by Schiedt et al. (10): 78- 
85% of rhe (3S,3’s) enanriomer, 1217% of the (3R,3’R) enan- 
tiomu, and 2-6s of the (3&3’S) meso form. This pioneering 
work, however, was based on 4 Atlantic salmon and 1 salmon 
~meachof3Pacifcsperies.ThedatasetwastoOnafiowabe 
gene& to the larger population of wild salmon 

We initiated a study to determine tbe configurational isomer 
distribution that could be general&d to wild marine salmon 
(Suimo salnr and Omorhynchur). Such a distribution would 
form the reference standard with which the distribution of con- 
figurational isomers of asraxanthin in any salmon could be 
compared to determine whether the salmon was aquaculturtd 
or wild Thus, a total of 80 specimens consisting of at&en& 
cared wild, maje and female, Atlantic and Pacific salmon were 
obtained, as described in rhe Experimental section. These 
salmon constitute a broad-based set that can be generalized to 
wild marine salmon. The identification of the species of wild 
Pacific salmon was reccmfiied in-house by analysis of fish 
scalepatterns (18, 19). 

We report here the results of the analysis of at least 6 wild 
salmon from each of the 6 species. 

Experimental 

Apparatus 

(a) Liquid chromnrograph.-Method development was 
conducted and initial analysis of salmon extracts was per- 
formed by using an HP’ 1090 Series IL/M liquid chromatograph 
equipped with a DR5 ternary solvent delivery system, helium 
sparge, autosampler, diode array detector, and workstation 
(Hewlen-Packard, Lnc., Avondale, PA). Analysis of the astax- 
anthin extracts from marine-cat@, authenticated wild salmon 
was performed by using a Waters solvent delivery system 
Model 510 equipped with a Waters Model 990 diode array de- 
terror, a workstation (Waters Chromatography Division, Mil- 
lipore Corp., Milford, MA), and a Beckman Model 504 
autosampler (Beckman Instnunents, Inc., Fullerton, CA). LC 
conditions: Isocratic conditions and ambient temperature were 
used for all analyses, and solvents were firered and sparged 
with He before use. 

(b) L.C columns.-For initial analyses, including analysis 
of derivatized astaxanthin, a Pie covalent o-phenylglycine 
column, 5 pm particle size, 25 cm x 4.6 mm (Regis Chemical 
Co., Morton Grove, IL) was used. For remaining analyses, in- 
cluding the study of the configurarional isomer distribution of 
astaxanthin in authenticated wild salmon, the Pirkle covalenr 
L-leucine column previously described (15) was used. 

(c) Homogenizer.-Polytron (Brinkmann Instruments, 
Inc., Westbury, NY). 
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a V& a GSAn~tor @hPont CO., hscrumetxs Div., Newton, cr). 
(e) Specmphotomeser.-tiwti 200 (Hitachi I.& Tokyo, 

Japd. 
(0 Freezer.-Mo&l 8416, ultralow temperature, upright 

freezer (Forma Scienrific, Div. of Mallinckrodt, Inc., Mariena, 
OH). 
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(d) Cenrrifrcge.So~v~ Irmuments Model RCX fiued 

(g) M~CTWSCO~G~~~O~ opdpho~ @ilkon. Jnc., Melville, NY). 
(h) Solid-p~eerrractiOAcaRdge.-SepP*, silicagel 

(waters Chromatography DV., Millipre Corp.). 
(i) Rmzry evqoruzor.-Biichi Roravapor R 110 (Brink- 

mann InstrumenrS, Inc. )- 
(j) Molecular .G.eve.--Union Carbide ?Lpe 4 & ‘46 in., 8- 

12 mesh @h&a Chemical Corp.. Ronkonkoma, NY). 

Reagents 

(a) Solvenrr.-Herr-, tctiydrofuran m, methylene 
chloride, and 2-propanol (al I-C grade; Baxter Diagnostics, 
Inc., Scicntic Products Div., McGaw Park, IL); h-iethylamine 
@99.5%; Fhka Chemical Corp.); ethanol (200 proof) and 
cb.h-ofonn (srabilized with 1% ech~ol; EM Science, 
Gibbstown, NJ); and pyridine (99+%; Aldrich CbemicaI Co., 
Inc., Milwaukee, VT). 

@) Standardr.--Sprbe~ a~~anthin (a gift from Hoff- 
mann-la Roche, Inc., Nutley, NQ; CN,Ndimerhyianu- 
nop+i.ine (.Dw, 99+%), 3,S-dinitrobenzoyl chloride 
(96%), I-naphthoyl chloride andZnaphthoy1 chloride(Aldrich 
Chemical Co., Inc.); (IQ-(-)-ca.mphtic chloride (98%; Fiuka 
Chemkal Corp.); and L-menthoxyacetyl ctionde (American 
Tokyo Rasei, Inc., Pordmd, OR>. 

(c) LC mobile phase A.-HexaueTHF-ethano1(77 t Z! 

l 
t 1). The flow me was 15 rnL/rnin. and the monimring wave,- 
length was 470 run. 

(d) Lc mob& phare B.-Hexane-TIT-2-propanol- 
Q-ieChylafnk (77 + 17 + 3 + 3). ThC flow El@ Was 1.5 N 
and the monitoring wavelen@ was 45’4 run. 

Salmon 

Samples for method developmen were purchased from su- 
permarkets and fish markers. The tidal authenticated wild 
salmon used in method development were obtained through the 
0ffc-e of Seafood, FDA:* authenticated wild salmon used 
for determination of the confiprational isomer distribution of 
astaxanti are described below. 

Determination of Cqnfiguratioional Isomer Distribution 
of All-Pans Astaxanthin in Marine-Caught, 
Authentica ted Wild Salmon 

(a) Mmine-caught, a&enticared wild sobnon.-A ai- 
mum of 12 authendcared wild salmon from each of the 5 spe- 
cies of Pacific salmon--sockeye (red), chum, pi& coho (sil- 
ver), and chinook (langewere collected in marine waters 
under the supervision of the Seattle District, FDA. Wa&.ingmn 
State, and shipped LO Washhgton, DC, in dry ice. Sornc salmon 
were reccivcd whole, and others were guaed before shipping. 
All the Pacific salmon were measured. photographed, and 
weighed. The Pacific salmon were certified ro bc wild either 

through collection of rhe fish by FDA inspectors (Seattle Dis- 
aict) or by purchase of the saImon directly from a boat whose 
iberarY Bt sea had been established. Speciation of the wild Pa- 
cific sahm~n was dere- by morphological examinarion 
and by the l=adon of the catch. Sex WAS &O determined by 
morphological examination. 

Twelve auxheoticated wild Atlantic salmon were caught off 
tie coast of mghr, Newfoundland, and were filleted be- 
fore being shipped LO Washingcon, DC. The Atlantic sah-non 
were ce&&d to be wild through collection of the fish by e- 
entists of the Quebec Labrador Foundation, Ipswicb, MA. 

“lie wild s&-ion were stored in a freezer at-77°C. Each fish 
was assigned a number that was used throughout the study and 
in data repordng. Results of the analysis of at least 6 wild 
salmon from each of rhe above-mentioned species are reporred 
m this study. 

(b) Preparation ofauxhenticated wild salmonf2esh for ez 
traction of asrara&in.Calmon received whole were decapi- 
wed and gutted. For all salmon, whether received whole or 
gutted, the sldn was removed from the desired sampling area 
(see Results and Discussion), and a portion of the flesh (~10 g:) 
was excised. The sample of salmon flesh was then c1ea1~e.d of 
exu-aneous material (scales, fat, bones, etc.) and dried by blot- 
ting with a paper towel. A 10 g portion was accurate Iy weighed 
on an analytical balance LO 3 spifkant figures. 

(c) Ewracrion of asraxanrhin from wild salmon fzesh for 
chiral L.C analysis.-The 10 g test portion of wild salmon flesh 
was transfer& to a 150 mL cenuifuge tube and homogenized 
for 2 min with 20 mL hexane to remove a significant amount 
of the lipid. The homogenate was cenuifuged for 5 min at 
3000 rprn, and the hexane was decanted. The amount of astax- 
anthin extracted into hexane was deten-nincd by recording the 
volume and measurmg the absorbance of the hexane extract at 
474 nm &,, of astaxanthin in hexane). Asraxanchin was ex- 
tracted from the partially delipific$ flesh remaining in the ten- 
tige tube by homogenizing the residue for 1 rnin with 20 mL 
acetone. The homogenate was centrifuged for 5 min at 
3000 rpm, and the supematanr was decanted. Acetone was 
added u) the homogenate. the homogenate was cacrifuged 
again, and the process was repeated. The acetone exnacrs were 
combined, and tie acetone was removed with a rotary evapo- 
rator. Approximately 4 rnL water (extracted by acetone from 
the salmon flesh) remained. The wet residue was mixed with 
20 mL metbylene chloride, and the mixture was swirled to dis- 
solve astwamhin. The water layer was removed with a separa- 
tory funnel, and the organic layer was dried over ca 1 g anhy- 
drous sodium sulfate. The amount of =taxanthin extracted into 
methylene chloride was determined by recording the volume 
and measuring the absorbance of rhe merhylene chloride ex- 
eact at 494 nrn &,,, of asraxanthin in mechylene chloride). 

The amxantbin was purified by loading the dried 
metbylene chloride exuact onto a Waters silica gel Sep-Pak CXU- 
bridge that had been pretreated with hexane. The czuzidge was 
eiuted w-itb 20 mL merhylene chloride to remove residual 
salmon flesh lipids in the extract. Astaxanrhin was eluted from 
the cartridge with chloroform, which was then removed undo 
a sueam of nitrogen The residue was reconstitured in 
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me&ylene &bide, and a potion waS injeded into the liquid mrer of the Surnipax OA-2000 column used by Maoka et al. 

chrornatograph. (13). 
(d) Pmision of LL arza&sis.--We determined the preci- 

sion of the LC analysis of synthetic asraxanfhin (Table 1) by 
using mobile phase B. Six replicate analyses wm performed 
with the synthetic astaxanthin standard, 

(e) L.C analysis.--Each a~tamnthin extract from wild 
s&non was analyzed in duplicate. The average of the 2 analy- 
ses is reponed in all cases. Synthetic asraxanthiu was used as a 
standard before each run- tiyses Were performed with mo- 
bilephaseB. 

Q Determination of lipid conten! aftikl salmonflesh.- 
The kmne extract of the sairnon flesh and the m&ylene chlo- 
fide w&xa from the silica gel Sep-P& carbidgc [see (c) 

above] were placed in tired 12 X 35 riltn (or ‘/2 dram) vials. The 
solvent was evaporated under a gentle stream of nitrogen, and 
the tube was weighi. This pm W3.S repeated until a Con- 
stant weight was obtained The amount of lipid in each extract 
was recorded. 

(9) ]&mijicatbn of Pacific salmon species by microscopic 
aamindon of scaler.--AOAC Official Method 979.15 was 
used (17). From each salmon, a minimum of 4 scales were se- 
lected from the area beneath the dorsal fin and above. the lateral 
he. (3rd~ we&formed scales with intact areas were used. Each 
scale was mounted and examined separately, and a separate 
worksheet was completed for each scale examined For meas- 
uwn&t of scale vertical dimensions, observation of circuli and 
wave striations, and overall scale morphology, a 2x obwve 
lens was used with a IOX eyepiece. For inspecrion of redcularions, 
a 4x objective lms was used with a 10x eyepi= 

Derivarimtion of astaxanthk-When minor adjustrnerus 
to the LC condirions failed IO duplicate the resolution obtained 
by Ma&a et al. (13), we experimented with various d&vat& 
ing reagents in an attempt to obtain optimum conditions for 
making diastereomers rhat could be easily resolved on a chid 
or an achiral column. These derivatizing reagents included L- 

mcnthoxyacetyl chloride, 3,5-dir~im~be.nzoyl chloride, ‘l- 
naphrhoyl chloride, 2-naphrhoyl chloride, and camphank atid 
chloride. Only camphanic acid chloride is described in the lit- 
erah.ue for this purpose (14) The reaction between synthetic 
astaxanthin and the bcnzwyl dcrivatig agent proceeded rap- 
idly in anhydrous pyridiie with a caralytic amount of dimethy- 
larninopyridine (see Experimental section). The derivatization 
reaction was also performed successfully with 3,5-diniuoben- 
zoyl chloride, an acid, which enhanced interaction of tie deri- 
vatized asraxanthin enanriomer wirh a Pirkle x-electron donor 
chiral stationary phase. Similarly, the reaction was performed 
with I-naphtboyl chloride and 2-naphthoyl chloride, x bases, 
which enhanced interaction of the derivatized astaxanthin en- 
antiomer with a Pi&e 5electron acceptor chiral stationary 
Phase- 

A mmimum of one represenlarive scale from each fish was 
photographed for documentation. For photomicrography of 
scales, a 2x objective lens WAS uSed for aI1 except the pink 
salmon, for which a 4x objedive lens was used. 

When derivatization was performed with astaxanthin ex- 
tracted from salmon flesh, enaric results were obtied. Forrui- 
cously, rhe initial derivatition of asraxanthin extracted from 
salmon proceeded rapidly without prublems. Subsequent reac- 
tions were sometimes incomplere or did not proceed at all. 
Orher reactions proceeded very slowly, interspersed with reac- 
tions that proceeded very quickly. 

Results and Discussion 

Mefhod Development 

First attempts to resolve the configurational isomers of syn- 
thetic alMmns astaxanti on a Firkle covalent r>-phenylgly- 
tine column failed 10 duplicate the results obtained by Maoka 
et al. (13) under rhe same LC conditions. We used a comer& 
column packed with chid stationary phase from tie manufac- 

When as~amhin extracted from salmon flesh was deriva- 
t&d successfully, the derivatized aswanthin was analyzed by 
LC. For example, the camphanoyl derivative of astaxanthin ex- 
tracted from the flesh of salmon purchased from a fish market 
in Washingurn, DC, and labeled “Washington Stare” s&non 
was analyzed by LC under the conditions used by Maoka et al. 
(13) withour modification. The camphanoyl derivative of syn- 
thetic astaxanthin was do analyzed under the same LC condi- 
tions. The LC profile of the extracted astaxanthin is different 
from thar of synthetic astaxanthin, a.s shown by the overlay of 
the 2 profile-s (Figure 4). The astaxanrhin extracted from rhe 
“Washington State” salmon is therefore not synthetic astaxan- 

fable 1. Precision of LC analysis of synthetic astaxanthln 
- 

f.rans a3 
- - 

Run s,s, 5% Meso, 56 RR. 46 ss, % Meso, 46 RR, % 
- 

1 24.6 48.6 22.5 0.47 3.06 0.76 
2 24.3 46.6 22.4 0.38 2.43 0.61 
3 25.0 48.6 22.6 0.58 2.58 0.74 
4 250 48.5 22.3 0.47 2.12 0.87 
5 24.5 46.7 22.8 0.23 2.23 0.55 
6 24.9 a.@ 22.7 0.65 2.13 0.62 

AL’. 2 SD 20.72 0.3 48.6 2 0.15 22.6~0.19 0.46to.15 257 k 0.66 0.86 * 0.35 
- 

l 



I  -  

0  
6 2 8  ' I U R U J M A N  E T  AL. :  J O U R I W O F  A O A C  I N T B J W I O N A L  V O L  80 .  No .  3 . 1 9 9 7  

T a b l e  2.  Tota l  leve l  ( p p m )  of  as taxan th in  a n d  d is t r ibut ion of  con f igura t lona l  i somers  of  a l l - f rans as taxan th in  in  M id  
sockeye  s 6 l m O n  

0  
No.  

S a l m o n  

S 0 X  S a m p l i n g  bcat ion s,s, 5 5  M e s O ,  9 6  Totat ~sorners ,  p p m  

4 4  F’ A b  73.8  A .8 21.4  31, l  
B C  74.6  4.6 20.8  31.7  
C d  74.6 4.6 2 O .Q  3 2 A  

l 

3  

3  

A 8  F A  76.8  3.8 19.4  30.0  
6  76.8  3.8 19.4  3 4 4 . 6  

C  7 7 . 0  3 .9  19.1 39.2  

5 0  

7 6  

5 7  

F 

F 

M 0  

A  72.6 4.8 22.5  45.7  
8  73.6  4.7 21.7  48.0  
C  73.5  4 -7  21.8  59.7  

A  71.1  4.6 24.2  33.7  
B  71.0  4.8 24.4  28.6  
C  71.3  4.6 24.2  37.7  

A  
B  
c 

65.4  
65.6  
65.4  

5.8 
5.8 
5.8 

26.8  
28.6  
28.8  

4 7 . 8  
50.9 
56.9  

7 4  M  A  73.2  4.4 22.4  32.4  
0  74.5  A .6 21.2  43.3  
C  73 .1  4.5 22.4  42.2  

R a n g e  65.4-77.0 3.85.8 19.1-28.8 30.058.9 

l F=fernele.  
b  A  =  samp le  taken nea r  the head,  a b n g  lhe  laletat l ine. 
c  8  =  s a m p l e  !aken at the confer  b e l o w  m e  dorsa l  fin, a long  the lateral  l ine. 
a  C  =  s a m p l e  taken nea r  the lai l  above  the ana l  fin, a long  the lateral  t ine. 
e  M  =  male .  

77.4-89.8  for chum,  a n d  79.3-82.6  for A tlantic S~IJ IOIL  Chi-  
n & c  & n o n  (&cmhpchus  fsha~rsch)  art di f ferent f rom 
the o ther  sa lmon  spec ies because  They  occur  a long  the Pacif ic 
C O &  of Nor th  Amer i ca  in  2  distinct forms k n o w n  as  red-  
f leshed a n d  wh imf leshed ch inook  (20).  T h e  whi te f leshed chi-  
n o o k  is the on ly  wi ld  Pacif ic o r  A tktnric sa lmon  that apparent ly  
d o e s  not  conta in  deposi ts  of ~ 0 1 0 r e d  dietary caro teno ids  in  the 
f lesh of the sexual ly  m a tur ing adu l r  (20).  In a  study of inrHi .nal  
absorp t ion  of astaxanti ,  invest igators conc luded  that the p o o r  
f lesh p igmenta t ion  was  d u e  to rap id  m e tabol ism of the ab -  
sorbed  aaim.nth in  to color less der ivat ive5 ra ther  than  fo fa i lure 
of the sa lmon  to abso rb  sta.xanthin (21).  on ly  2  of 6  ch inook  
sa lmon  sample-s  in  ou r  study h a d  vuy pa le  f lesh (No.  2 2  a n d  
No.  23) .  T h e  a m o u n t of astaxanth in  in  o n e  samp le  (No.  22 )  was  
coo  low to de te rmine  the conf igurat ional  isomer ic  rat ios (Ta-  
b le  6). Fur thermore,  there  s e e m e d  to h e  2  g roups  of con f~gura-  
r ional  isomer ic  dist ibut ions in  the red- f leshed ch inook  sa lmon  
(Bb le  6). O n e  g r o u p  resemb led  the rest  of the wi ld  Paci f ic  a n d  
A tlantic s a h n o n  (samples  23,52,  a n d  54 )  wi th a  r a n g e  of 64.5-  
8 0 5 %  for the ( 3 & 3 ’s) enan t iomer  c o m p a r e d  with a  r a n g e  of 
65 .4 -90 .02  for the 5  o ther  species.  T h e  o ther  g r o u p  h a d  about  

equa l  distz ibut ion of the (33.3’s) enan r iomer  (47- l -51.0% ) a n d  
the (3R,3’R)  enan t iomer  (40&45 .2%) ,  wi th the former  sl ightly 

h igher  than  the latter. Inc lusion of this second  g r o u p  b r o a d e n s  
rhe  r a n g e  of the ent i re survey.  A  m u c h  la rger  darabase ,  howeve r ,  
w o u l d  b e  r e q u i r e d  to dete rmine  whe ther  t hose  f ish wi th t ie e n -  
ant iomers  as  the 2  ma jo r  componen ts  const i tute a  distinct sub-  
g r o u p  wi th in the red- f leshed ch inook  sa lmon.  

T h e  results of a r d y S e S  O f the rema in ing  authent icated wi ld  
sa lmon  a re  not  expec ted  to apprec iab ly  affect the conf igura-  
t ional  isomer ic  distr ibut ion repor ted  here .  Resul ts  of al l  
8 0  samples  wil l  b e  r e p o m d  separa te ly .  

M e thodo logy  

T h e  L C  prof i le of as~~anr .h in  extracted f rom the  f lesh of 
sa lmon  was  e x a m i n e d  to de te rmine  the conf igurat ional  iso- 
mer i t  rat io a n d  to c o m p a r e  the L C  prof i le a n d  i somer ic  rat ios 
with those of synthet ic astaxanth in  Aquacu l tu red  sa lmon  fed a  
diet  supp lemen ted  with synthet ic asraxanth jn  wou ld  b e  easy  to 
identi fy because  the conf igurat ional  isomer ic  rat ios a n d  the L C  
pro fde  of rhe  exnac ted  astkxanthin wou ld  b e  ident ical  to t hose  
of synthet ic asraxanth in.  For  wiId, mar ine-caught  sa lmon,  the 
rat io of co&umi iona l  i somers  is expec ted  to l ie wi rh in  the 
r a n g e  w e  h a v e  estab l ished for wi ld  sa lmon.  Pur thermore ,  the 
L C  prc& le  of asraxant i  extracted f rom wi ld sa lmon  wou ld  b e  
di f ferent f rom the L C  prof i le of synthet ic asraxanrh in .  E x a m -  
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an. The LC profile of tie extracted a~tax~~thin resembles that 
of w&i salmon, and the cou&urational iwmeAC rti0 is within 
rhe range expecti for wild salmon (see MOW). 

The LC profile in Figure 4 clearly illustrates that op&‘niza- 
don of Lx: condirions will reduce analysis rime significantly. 
However, the neecj CO a~~enain char the la~f &GZ of oil WAS 
removed before dtivaKizarion led us to abandon this approach, 
because the amount of col~lcss lipid in salmon flesh was vti- 
able. l-his problem and the need to purify the derivative formed 
led us to reemrnmc the possibility of direct chid LC analysis 
of undefiva&d astar anti. LC conditions were subsequently 
found bar. perm&d third resOluCiOn on a pirkle covale~~c L- 
leucinc column (15). Wirh The aging of ti L-leucine column, 
the mobile phase (mobile phase A) was modified (IO mobile 
phase B) to obtain the same choral resoludon of astaxanthin (see 
Experimental section). 

Regardless of whether the asxaxanthin was first derivatized 
or analyzed directly by chira x, rhe configurational isomer 
distribution of aMans astaxantbin, the predominant geomet- 
ric isomer, had to be established in marine-caught, authenti- 
cared wild salmon. 

Determination of Configurational Isomer Distribution 
of All-Vans Astaxanthin in Marine-Caught, 
Authenticated wild s&on 

To ascenain that rhefe was lit-de or no variation in the con- 
figurarionai isomer distibution in different parts of salmon 
muscle, rear portions were taken from 3 locations along the lar- 
eral hne: IICBI ihe head, at the center below the dorsal fin, and 
near the tail above the anal fin. AL Ieast 6 salmon were sampled 
from each of d-x Pacific Salmon species for thi3 parI of the 
study. No appreciable variation was found, as shown in Ta- 
bles 2-6. On tie basis of these resuhs, the remaining Pa&c 

salmon were sampled at one location only, the center of the fish. 
The Atlantic salmon were received as fiIets and sampled at ihe 
center only (Table 7). 

The distributions of the configurtional isomers of all-n-ans 
astaxanthin in 38 marine-caugh5 aurhendcated wild salmon 
(Oncorhynchus and Salmo salar) are listed in Tables 2-7. No 
variation was observed between male and female salmon for 
any species..The ranges of the configurational isomers in At- 
lantic and Pacific salmon were 47-l-90.0% of the (3S,3’,S) en- 
antiomcr, 7.7-I5.2% of tie (3R,3’R) enantiomer, and O-8.6% 
of the (3R3’S) meso fomL The range of each confqurationd 
isomer is much broader than char found by Schiedt et al. (l(I), 
who used a very narrow database and did not include chinook 
salmon, which has a significantly wider range of each isomer 
than do the other species. When combined witi the other 5 spc- 
ties, chinook salmon appreciably broadens the range, as dis- 
cussed below. The result, however, supports the basic conclu- 
sion of Schiedt et al. (10): The configurational isomer 
disu-ibudons of a~taxanrhin in wild marine salmon are simili.ar. 
We have expanded it in his study to include the 6 common 
species of wild salmon. 

The configurarional isomer distributions in rbe 6 species of 
wild salmon arc sipificantly different from that of syncheric 
astarmhin, which consists of 25% of each of rhe enarniomen 
and 50% of the meso form. These results show that the disti- 
bution of the configurational isomers of asraxanthin in wild 
salmon flesh indeed provides a basis for distinguishing wild 
salmon from aquacultured salmon fed synthedc astaxanthin. 

The range of each of the configurational isomers of all-CKVLY 
astaxanti is much wider ~JI chinook (king) salmon rhan in the 
5 ocher species (Table 6). For example, the range of the (31,3’s) 
enanuomer for chinook is 47-l-80.5%, compared urlrh 65.6 
77.0% for sockeye, 77.1-89.4% for coho, 78.5-90.0% for pink, 

jL,- 
0 
f 

10 20 30 40 

lime. min 

Figure 4. Overlay of LC profiles of the camphanoyl derlvative of astaxanthin extracted from wild salmon and 
synthetic astaxanthln. Solld line = astaxanthin extracted from “Washington State” salmon purchased from the SW 
pier fish market, Washington, DC; - - - = synthetic astaxanthin. LC conditions: Plrkie covalent o-phenylglycine 
column; mobile phase, hexanemethylene chloridesthenol (73.3 + 24.4 + 2.4), flow rate, 1.6 ml/An; monitoring 
wavelength, 490 nm. 
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Table 4. Total level (ppm) of astaxanthin and 
distribution of configurational Isomers of all-Pans 

Table 3. Total level (ppm) of ahxanthin and 
distribution of configurational isomers of all-rrans 
astaxamhln In wild coho selmon 

selmon TOW 
Sampling isomers, 

No. Sex location .s.s, ‘lo Meso, % R,R, % pm 

astaxanthin in wild pink salmon 
- 

Salmon 
Tooral 

Sampling isomers, 
No. Sex location S.S. % Meso, % RR, 96 wm 

70 

71 

60 

69 

72 

7.5 

F’ 

F 

MB 

M 

M 

M 

Range 

Ab 83.2 
BC 61.7 
Cd 82.6 

A 77.6 
B 77.6 
C 77.1 

A 87.8 
0 as.4 
C 86.8 

A 81.6 
0 82.9 
C 84.4 

A 81.0 
B 79.9 
C 79.6 

A 83.6 
B 84.4 
C 81.6 

n.1-89.A 

39 13.6 
2.8 15.4 
3.0 14.2 

3-a 18.6 
3.7 18.7 
3.7 192 

2.8 9.5 
2.1 8.6 
3.0 10.2 

3.0 
2.8 
2.8 

15.4 
14.2 
12.8 

3.6 15.6 
3.2 16.9 
3.2 17.1 

2.9 13.4 
2.8 12.7 
2.9 15.6 

2.X.%7 8.6192 

73.0 
122 
72.7 

13.8 
14.4 
13.0 

10.7 
9.9 

13.8 

9.6 
4.8 

11.7 

25.5 
16.7 
28.0 

12.8 
10.7 
10.6 

9.6-28.0 

A = sample taken near the head, along the lateral line. 
B = sample taken at the center below the dorsPl fin, along the 
lateral Ime. 
C = sample taken near tie ta)l above the ar?J fin, along Me lateral 
line. 
M = male. 

F = female. 

pla are given below for wild salmon ad aquacultured salmon 
fed synth& astaxanthin. 

This me&& coukl be also used 10 determine the presence in 
aquacultured salmon of as-thin derived from other sours 
such a~ ~h&ia yeast and Ha erndococcus pluuialis algae, As- 
taxary&in 1~ Phu#ia yeast COIlsists Of >98% Of the (3RJ’R) en- 
anriomer (2.2), giving it a very distinctive LC profile that is easy 
IO recog&e. Similarly, the asraxanthin em-act of salmon fed 
H~~COCC~ @vialis algae would consist almost entiy 
(99%) of the (3&3’s) cnantiomcr (u). Its LC profile also would 
be t@Jy ciistincrive and easy 10 characterize. 

Aquacultured Sa.lmon Fed Synthetic Astaxanthin 

We exnacred asraxantin from a Norwegian Salmon filet 
purchased from a local sumkct and analyzed it by LC on 
a fil& covalent deucine cd~mn ehtexl with mobile phase A. 
Synthetic zaaxinthin was also analyzed under the same LC 
conditions. ‘fhe LC protics of the astfuanthin peaks were very 
similar. Each of rhc 3 configurational isomers elutcd at practi- 

18 FE Ab 84.8 3.4 12.5 6.5 
Bf 83.0 3.6 13.4 6.2 
Cd 82.5 3.4 14.2 6.5 

55 F A 63.0 3.3 13.0 5.6 
B 85.4 2.9 11.8 4.9 
C 80.4 3.2 16.4 5.3 

63 F A 84.0 4.1 11.8 5.3 
B 78.5 3.0 18.6 6.1 
C 80.8 3.2 16.0 6.9 

IA Me 4 87.0 2.9 9.4 7.6 
6 86.4 2.5 11.0 6.2 
C 86.9 2.4 lb.6 6.6 

59 M A 80.6 3.6 15.8 7.2 
0 81.3 3.8 14.9 6.9 
C 80.9 A.0 15.1 7.3 

65 M A 85.6 2.3 12.1 3.1 
0 86.6 2.6 lo.8 3.4 
C 85.4 2.4 12.2 4.2 

77 xi A 87.1 2.0 10.8 3.9 
B 68.4 2.1 9.4 3.9 
C 87.4 2.4 102 3.3 

78 x A 08.6 2.2 9.2 4.5 
8 882 0.0 11.8 4.2 
C 90.0 7.0 9.0 5.0 

i +a-, # 
Range 76.590.0 O-d.1 9.cL18.6 3.1-7.6 

- 
l F = female. 
b A = sample taken near the head, along the lateral line. 
c B = sample taken at the cenlef below rhe dorsal fin, along rhg 

lawal line. 
’ C = sampie taken nehr the Iail above the anal Sn, along the lateral 

line. 
’ M=maJe. 
’ X = sex unknown. 

tally identical retention times, and the ratios of.pcaks were. the 
we in both profiles (Figure 5). Overlay of peaks eludng at 
10.1, 10.8, and 11.5 min showed them to be an almos! perfecr 
match. We concluded that the astaxanthin exrracred from the 
Norwegian flesh was synthetic asta.xanthin, which,must have 
been added CO the ftih feed. Consequently, the Norwegian 
salmon was presumed to bc aquaculcurcd and not wild. The 
retention time and the VVMS absorption spectrum of the peak 
at 3.87 min suggest that it is the diester(s) of astaxanthin. 

Sitiar results were obtained for salmon purchased from a 
local supermarket and labeled % “imported” from Idaho, as 
well as for salmon purchased from the delicatesse.n of an up- 
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Table 5. Total level @pm) Of ast=anthin and 
dlstrlbution of configuratiOMl kOmWS Of all-&ens 
astaxanthln In wild chum Salmon 

Table 6. Total level (ppm) of astaxanthin and 
dlstrlbution of configurational Isomers of all-trans 
astaxanthln In wild chinook (klng) salmon 

Salmon Salmon 
ToIal Total 

Sampling isomers, Sampling isomers, 
No. Sex location s$. %  kso. %  RR, %  iwm No. Sex lo&on s,s, 55 Meso, %  99 ‘$ Ppm 

29 F8 

36 F 

A2 F 

56 F 

56 ML 

62 M  

Range 

Ab 
BC 
Cd 

A 
B 
C 

A 
B 
C 

A 
6 
C 

A 
B 
C 

A 
0 
C 

81.1 3.4 14.8 
80.3 4.2 15.5 
81.5 3.8 14.7 

04.5 1.7 13.8 
84.0 1.7 14.3 

63.7 1.9 14.5 

88.8 2.2 9.0 
89.8 2.4 7.7 
88.4 2.4 9.2 

85.0 3.2 11.8 
85.5 3A 11.2 
848 3.3 11.8 

81.2 3.0 15.8 
80.6 3.6 15.8 
81.2 3.8 15.0 

79.3 3.6 17,4 
77.4 3.6 19.0 
78.2 3.7 18.1 

~.4-99.8 1.74.2 7.7-19.0 

6.5 
7.0 
6.9 

2.5 
la 
1.1 

6.7 
6.2 
5.7 

5.0 
4.6 
5.4 

7.2 
7.8 
6.8 

7.1 
5.7 
6.6 

1 .l-7.8 

a F = lemale. 
b A = sampie taken near the head, along the lateral line. 
c  B = sample taken aI cha center b&w the dorsal fin, along the 

lateral be. 
d C = sample taken near tie Iall above the anal fin, along [he lateral 

line. 
* fvl=male. 

scale department score and advertised as being caught off the 
icy warers of Canada and SCOW. 

Wild Salmon 

We extracted aswanrhin from a wild pink salmon that had 
been authenticated by the Office of Seafood, FDA, but was not 
part of the broad-based set of specimens used for the deterrni- 
nation of configurational isomers Of till-1ra.r a.5Wanthitl in 

wild salmon. The extracted a~raXantbin was analyzed by LC on 
a F’irkie covalent L.-leucine ~htnn titb mobile phase A. Syn- 
thetic astaxanrhin was also analyzed under the same LC condi- 
tions. The LC p&k.5 of the asraXanthin p&s were very dif- 
ferent (Figure 6). Moreover, the LC profile of the extracted 
aslaxantbii was similar 10 the K profile of the marine-caught, 
authenticated wild salmon, as expecti 

Concentration of Astaxanthin in Wild Salmon Flesh 

We tiemnined the amount of asraxanthin in the flesh of the 
38 wild salmon studied, including 2 pa.le-colored chinook 

22 

23 

17 

19 

52 

64 

F’ 

U’ 

X9 

X 

X 

X 

Ab 
Bd 
CS 

A 
0 
C 

A 
B 
C 

P 
B 
C 

A 
B 
C 

A 
B 
C 

ND= ND ND 0.7 
ND ND ND 0.8 
ND ND ND 0.8 

65.6 3.6 31.1 0.9 
65.1 2.8 32.1 0.9 
64.5 2.0 33.5 1 .o 

60.1 8.6 41.3 12.9 
51 .o 8.3 40.6 13.1 
50.2 8.6 412 11.0 

48.5 8.1 43.4 11.7 
46.3 7.9 43.0 1O.A 
47.1 7.7 05.2 11.4 

79.1 
ea.5 
79.8 

3.5 
3.3 
3.3 

5.3 
5.3 
5.3 

2.0-8.6 

17.4 18.8 
16.3 19.6 
17.0 22.4 

71 .l 
70.8 
70.8 

23.7 7.3 
23.9 8.3 
24.0 8.3 

47.1-80.5 16.M.2 0.7-22.4 
-- 

m  F = female. 
* A = sample taken near the head, along the laferal line. 
’ N$ = configurational isomeric ratio txx determined (astaxanthin 

concsnlrar~on too low), 
’ B = sample taken at Ihe center below rhe dorsal fin, along the 

lateral line. 
a C = sample taken near the tail above Ihe anal fin, along the lateral 

line. 
’ M  = male. 
‘X = unknown. 

Table 7. Total level (ppm) of astaxanthln and 
distribution of configurational isomers of all-runs 
astaxanthin in wild Atlantic salmon 

Salmon Total- 

No. SeX 
isomers, 

-ss, %  Meso, %  RR, %  wm 

2 F8 79.3 4.9 15.9 5.1 
6 F 82.6 3.2 14.3 7.2 
1 Mb 81.0 3.7 15.7 5.1 
3 M  60.1 4.3 15.6 4.9 
4 M  79.3 3.6 17.1 4.5 
5 M  80.0 3.4 16.6 4.9 

Range 79.3-82.6 3.24.9 14.3-17.1 4.9-7.,2 

a F = female. 
b M  = male. 
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Time, min 

Flgure 5. Comparison of LC profiles of astaxanthin extracted from Norwegian salmon and synthetic &.aXanthin. 
(A) htaxsnthln extracted from Norwegian salmon filet, purchased from Safeway. (6) Synthetic astaxanthin. LC 
conditions: pirkle covalent L-leucine column; mobile phase A; flow rate, 1.5 mUmin; monitoring wavelength, 470 nm. 

a 

a 

salmm. The E&S were comsteru tith lilerarure values for nook salmon NO. 21 had 6 G.rne~ rhe amount of lipid found in 
each of the species (10). The allloullts Of aSUu&Xhh W W S  chum salmon No. 35. This vafiacion and the differences in fatty 
wick&-J a defined range for each of the wild salmon species (B- acid profiles of lipids exuacred from wild and aquacultured 
bles 2-7). These ranges of ~SWGI&UI comer& however, over- salmon (24) may explain the difficulties encountered in at- 
lap& sufficiently to p~~~lude speciation on tie basis of color rempts UI derivarize asraxanrhin exuacred from the flesh, of 
confern alone. salmon (see Method Development). 

Deternina tion of Lipid Content of Wild Salmon Flesh Conclusions 

The amount of lipid in the flesh of wild salmon was also 
detem-wed (Table 8). RuuI~S WCIT con&tent with ~~@XXUIZ 
values (lo). The arnour~t of lipid varied even tith.$ the same 
species. For example, Adanric salmon No. 7 had twice the 
amount of Lipid found in Ah.h salmon NO. 9, whm chi- 

A rapid LC method to distinguish between wild salmon and 
aquaculmred salmon fed synthetic asraxanrhin has been devel- 
oped. Validation demonstrated good LC merhod precision. Pre- 
liminary study of the distribution c&he configurational isomers 

Figure 6. Overlay of LC profiles of astaxanthln extracted from wild salmon and synthetic astaxanthin. Solid line t 
astaxanthln extracted from Hllld pink salmon obtalned from FDA’S Office of Seafood; - - - = synthetic astaxanthin. LC 
conditions: Pirkle covalent L-kUCine column; mobile phase A; flow rate, 1.5 mumin; monitoring wavelength, 470 nm. 
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Table 8. Upld content of authentlcahxl wild saltnon flesh 

Lipid in 
Lipid U-I methylene 

Salmon No. Total lipid, 41r ’ harane, % 3 chloride, 96 = 

7 4.61 74.6 25.4 

8 4.39 68.4 31.6 

9 2.76 50.0 50.0 

11 4.66 77.0 23.0 
12 4.70 70.9 29.1 

13 1.86 30.2 69.0 

15 2.85 46.1 53.9 

16 I.@ 35.8 64.2 

M  3.81 62.2 37.6 

21 6.60 79.4 20.6 

25 3.25 72.5 27.5 

26 2.03 37.1 62.9 

27 5.84 80.6 18.4 

2.8 5.13 00.7 19.4 

30 1.33 16.9 83.1 

31 1.23 19.6 00.4 

32 1.39 61.0 39.0 

33 2.52 45.7 54.3 

34 1.50 24A 65.6 

35 1.09 31.3 68.7 

39 1.52 20.9 79.7 
41 4.67 68.5 31.5 

43 4.75 61.3 38.7 
45 2.72 51 .a a.2 
d6 2.52 52.4 47.6 
47 2.78 46.5 53.5 

49 2.03 32.5 67.5 

51 2.51 51.1 40.9 
53 3.54 54.5 45.5 
61 1.96 43.0 57.0 

60 2.70 50.3 49.7 

66 1.43 26.2 73.8 
67 2.27 38.7 61.3 

’ Total lipid, % = $$$$f X 100. 

o Lipid in hexane, % = 4 lipid in hexm eXVaCi X 100. 
g total lipid 

’ Lipid in methylene chloride, 
56 _ g lipid in methylene chkvide exlmcr x ,OO. 

g mai IiW 

of astawar&ir-~ in wild authenricared salmon confirm the basic 
renet of the method: ?he configurational isorneric rari0 falls 
wi&m a dehed range and Cm be uSed a~ a basis for determin- 
kg whether the salmon is wild. This method also can be used 
todeterm~e~eprS3Ce Of&aX3lthkl dB'iVedfrOUl other 
SOURS such as Phafia yeast and Haemarococcllspluvialir alga& 
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